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Figure S1 Characterization of Xist RNA expression in Eed”” TSCs. a Combined Xist RNA
FISH and Xist DNA FISH demonstrates two Xist loci in Eed”” TSCs. Xist RNA is detected in
green and Xist DNA in red (pinpoints). Nuclei are stained blue with DAPI. Scale bar, 2 pm.
Bottom, quantification of Xist DNA FISH data. b Detection of X-chromosomes via X-
chromosome paint (DNA FISH) demonstrates two X-chromosomes in Eed”” TSC lines. Top,
representative nucleus from each genotype. Bottom, quantification of X-chromosome number.
n = 100 nuclei/sample. ¢ Quantitative RT-PCR measurement of Xist and Tsix RNAs in the
indicated TSCs. Y-axis represents 2"*dCt for Xist/Tsix normalized to TBP. Error bars represent

the standard deviation from 3 replicates. The Eed>>>*****

TSCs were derived as part of Kalantry
et al. (2006) [35]. d Enrichment of H3K27me3 at Xist promoter region on the inactive paternal-X in
WT TSCs. e RNA FISH analysis of X-linked gene expression in non-hybrid Eed"" and Eed™”
TSC lines as for the F1 hybrid TSC lines in Fig. 2. This Eed"" TSC line harbors a tamoxifen-
inducible CRE transgene (Ubc-Cre-ERT?2) and gave rise to the Eed”™ TSC line (See Methods for

details). 100 nuclei counted/gene/TSC sample.
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Figure S2 Allelic read mapping of RNA-Seq data with STAR. a-c Varying resolutions of
reads and read coverage at the Xist locus from a representative WT TSC line mapped separately
to the 129/S1 and JF1 in silico genomes. Because Xist RNA is expressed from the paternally-
inherited JF1 X-chromosome, SNP-overlapping Xist RNA reads map to the JF1 allele. Colored
bars indicate base pairs where the sequence of reads mapped to the 129/S1 genome (top) or JF1
genome (bottom) differs from the C57/Bl6 genome, thus marking SNP sites (a). At SNP sites,
Xist RNA reads are reduced and do not map to the 129/S1 allele and are clipped adjacent to the
SNP site (b-c). d Assessment of inter-SNP variability in the Xist RNA reads. e An assessment
of read mapping bias to the 129/S1 vs. JF1 X-chromosomes. Left, proportion of total SNP-
overlapping reads mapping to the active-X or inactive-X in reciprocal F1 hybrid TSC lines.
Three lines each harboring a M. musculus 129/S1-derived active-X and a M. molossinus JF1-
derived inactive-X (analyzed in this study) and three TSC lines harboring a M. molossinus-
derived JF1 active-X and a M. musculus-derived 129/S1 inactive-X (E.M. and S.K., in prep)
were analyzed. f Left, average gene-level read mapping to the active-X in reciprocal F1 hybrid
TSC crosses. Y-axis, active-X mapping in three TSC lines harboring a M. musculus active-X
and a M. molossinus inactive-X. X-axis, active-X mapping from the reciprocal cross. The
number of normalized reads mapping to SNP sites in individual genes on the active-X genome is
highly similar between the two data sets (r = 0.91), suggesting minimal read mapping bias.
Right, analysis of active-X read mapping for two individual lines of the initial cross analyzed in
this study. The active-X mapping is again highly similar between samples (r = 0.94). Thus, the

variation in mapping to the X-chromosomes of the two strains is minimal.
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Figure S3 Distribution of allelic expression profiles for X-linked genes in individual TSC
lines. a Distribution of paternal-X expression of the 364 genes reaching the 10X coverage
threshold in the four WT TSC lines. b Distribution of paternal-X expression of the 371 genes
reaching the 10X coverage threshold in the three Eed" " TSC lines. A greater proportion of genes
in Eed” TSC lines show >10% expression from the paternal-X. For the set of genes that
satisfied the 10X coverage threshold only in WT or only in Eed”” TSCs (7% and 9% of the genes
with allelic information, respectively), the ratios of paternal allele:total expression could not be
compared between genotypes. For these subsets of genes, we calculated the percent paternal
allele expression in the individual genotypes. Of the 26 genes that reached the 10X threshold of
SNP-overlapping reads in only the WT TSC lines, only one, Xist, was expressed from the
paternal allele. For the 33 genes that satisfied the >10X SNP-overlapping read coverage
threshold only in Eed”” TSCs, a higher proportion of the X-linked genes were expressed from the

paternal allele (9, or 27%).
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Figure S4 Identification and characterization of genes expressed from the paternal X-chromosome
in WT and Eed” TSC lines at 5X read coverage threshold. a-b Euler diagrams assessing expression

** TSC lines and one

from the paternal X-chromosome totaling >10% of total expression in three WT Eed
WT Eed"" TSC line (a) and in three Eed”” TSC lines (b). ¢ Comparison of percent paternal-X expression
in Eed”” TSCs compared to WT TSCs. Percent paternal-X expression for individual Eed”" lines was
compared to the average percent paternal-X expression in WT TSCs (left). d Identification of genes with
statistically significant difference in percent paternal-X expression in Eed”” TSCs compared to WT TSCs.
Percent paternal-X expression in the four WT TSC lines and three Eed”” TSC lines was compared by T-
test and the p-values were corrected for multiple testing (Benjamini-Hochberg; FDR=0.1) as in Fig. 4. e
Plot of log, fold change between genotypes in the expression of paternal allele (Y-axis) versus percent
difference in paternal allele expression between Eed” and WT TSCs (X-axis) for the 86 X-linked genes
exhibiting a relative increase in the proportion of paternal:maternal allele expression, as calculated by

DESeq?2 [49]. Seventy-four genes are upregulated (green) and twelve genes are downregulated or show

no effective change in expression (red) from the paternal-X.
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Figure S5 Validation of RNA-Seq results by RT-PCR and Sanger sequencing. a Schematic of
chromosomal locations of genes selected for validation from the RNA-Seq data. b Sanger sequencing
chromatograms of amplified cDNAs from the derepressed paternal X-linked genes in Eed” TSC lines by
RNA-Seq. Blue highlights mark SNPs that differ between the 129/S1 strain (maternally-inherited X-
chromosome) and the JF1/Ms strain (paternally-inherited X-chromosome). In all cases, expression from
only the maternal allele is observed in Eed”" and Eed"" TSC lines, whereas both the maternal and
paternal alleles are expressed in Eed" " TSC lines. ¢ Sanger sequencing chromatograms of cDNAs from
the non-derepressed genes. These six X-linked genes exhibit no change in paternal allele expression in
Eed"TSCs by RNA-Seq. In all cases, only the maternal allele of these genes was expressed in all
genotypes. d Sanger sequencing of DNA amplicons detects both the 129/S1 and JF1 alleles in WT and
Eed"TSCs for the six derepressed genes assayed by RT-PCR. e Sanger sequencing of DNA amplicons
detects both the 129/S1 and JF1 alleles in WT and Eed”” TSCs for the six non-derepressed genes assayed

by RT-PCR.
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Figure S6 Topological structure and evolutionary stratum membership of the X-
chromosome do not influence susceptibility to derepression. a Locations of active X-
chromosome TADs and the X-linked genes derepressed in Eed”” TSCs. Horizontal lines mark
active X-chromosomal TADs [50,51]. Derepressed genes (locations indicated by vertical lines)
do not cluster in individual TADs or at TAD boundaries. b The X- and Y- chromosomes are
believed to have evolved from a pair of identical autosomes [55,56]; as the proto-X and proto-Y
diverged, the proto Y-chromosome lost many of its genes. The loss of genes on the proto Y-
chromosome is proposed to have driven dosage compensation on the X-chromosome in a
piecemeal fashion [55,57-59]. On the human X-chromosomes, the set of genes that underwent
dosage compensation at similar times during evolution, termed evolutionary strata, are collinear
with map position [57-59]; the mouse X-chromosome has undergone rearrangements, but
analysis of nucleotide divergence demonstrates that mouse X-chromosome genes belong to the
same evolutionary strata as their human homologs [60]. To identify whether each derepressed
gene is a member of one of the ancient evolutionary strata or one of the newer strata, each mouse
gene coordinate for all X-linked genes with allelic information was converted to human
coordinates. Lines illustrate the location of homologous human X-linked genes compared to
mouse X-linked genes with an increase in paternal allele expression in Eed”” TSCs (green lines)
vs. all X-linked genes with > 10X coverage (gray lines). Genes that require EED and/or Xist
RNA for repression do not exhibit any significant clustering pattern within the evolutionary

strata.
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Figure S7 Xist RNA binding pattern on the inactive X-chromosome is not predictive of
derepression of paternal X-linked genes in Eed” TSCs. a Xist RNA binding profiles 10kb upstream
and 10kb downstream of TSSs in WT ESCs 0, 3, or 7 days (d) following Xist RNA induction and fully X-
inactivated terminally differentiated fibroblast (MEFs), as assessed by CHART-Seq [61]. Binding
patterns are shown for all genes with allelic information, including genes that are derepressed as well as
non-derepressed in Eed”” TSC lines. Genes subject to derepression do not exhibit increased Xist RNA
accumulation at TSSs compared to non-derepressed genes. b Xist RNA binding profiles within gene
bodies in ESCs 0, 3, or 7 d following Xist induction and fully X-inactivated mouse embryonic fibroblast
(MEF) cells, as assessed by CHART-Seq [61]. Binding patterns are shown for all genes with allelic
information, including genes that are derepressed as well as non-derepressed in Eed”” TSC lines. Genes
subject to derepression do not exhibit increased Xist RNA accumulation in their gene bodies compared to

non-derepressed genes.
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Figure S8 Chromatin profiles in WT TSCs of paternal X-linked genes that are derepressed
vs. non-derepressed in Eed” TSCs. a Distribution of inactive-X profiles of DNAsel
hypersensitivity (DNAsel HS), RNA Polll occupancy, H3K27ac, and H3K4me2, at the TSSs of
all derepressed and non-derepressed genes with SNPs near the TSS (see Fig. 5; [39]). Horizontal
black lines within central boxplots indicate the median of the distribution; red ‘+’ signs mark the
mean. b Summaries of average and distribution information for H3K27me3, DNAsel HS, Polll
occupancy, H2K27ac, and H3K4me?2 at the TSSs of derepressed and non-derepressed genes. ¢
Boxplots of DNAsel HS, RNA Polll occupancy, H3K27ac, and H3K4me?2 at the TSS for
derepressed and non-derepressed genes in quintiles 1-5. Black lines indicate the median of the

distribution.
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Figure S9 Example of inactive-X Chromatin Profiles for Selected Derepressed Genes.
Genome browser screenshots of DNAsel HS, Polll, H3K27ac, H3K4me2, H3K36me3, and
H3K27me3 occupancies together with transcription from the inactive-X alleles of five genes in
WT TSCs that are derepressed in Eed”” TSCs and of one gene that escapes X-inactivation in WT
TSCs (Kdm5c). Allele-specific ChIP peaks were calculated based on presence of SNP-
containing reads within restricted (150 bp) sliding windows of ChIP signals. In many cases,
SNPs within ChIP peaks are sparse and are not always located within 150 bp of peak ChIP
signal. As a result, allele-specific chromatin profiling tracks are frequently limited and choppy
in coverage. The X-inactivation escapee Kdm5c, which is not depressed in Eed”” TSCs, is

included for comparison.
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